1. Bile from rachitic or normal chicks causes an immediate increase in the intestinal absorption of soluble calcium in rachitic and vitamin D3-treated chicks as tested in vivo by intestinal-loop and oral-dosing methods. 2. This effect is apparently solely due to the taurine-conjugated bile acids present in the bile and is independent of the action of vitamin D. 3. Chick bile and bile acids can increase the solubility and the absorption of calcium presented as sparingly soluble calcium hydrogen phosphate. 4. In addition, bile is necessary to some extent at least for the intestinal absorption of vitamin D3 in the chick and this would indirectly enhance the absorption of calcium. 5. Thus bile is capable of a threefold action in the absorption of calcium in the chick. It is suggested that the direct action on sparingly soluble forms of calcium is of considerable physiological importance since most of the calcium in the normal bird's diet would be in this form. 6. Bile acids enhance the absorption of calcium in all regions of the small intestine of the chick. 7. Of a range of bile acids and detergents tested for enhancement of calcium absorption, various taurine-conjugated bile acids and sodium lauryl sulphate, an anionic detergent, are effective. A non-ionic detergent (Tween 80) and a cationic detergent (Zephiran) are without effect. 8. The ability of a substance to increase directly the intestinal absorption of soluble calcium appears to depend to some extent on an anionic detergent action, i.e. the ability to form a salt or complex soluble to some extent in both aqueous and lipid phases. 9. In chicks the immediate deposition of calcium (45Ca) in the bones closely reflects any increase in plasma calcium radioactivity regardless of the cause of the increase and regardless of the vitamin D3 status. Although sodium lauryl sulphate can increase markedly the calcium absorption from the gut and the immediate deposition in the bones it has no significant effect on rickets. 10. Some of the implications of these findings are discussed.
It has been believed for some time that bile is concerned in the absorption of calcium from the intestine. Pavlov (1905) reported that osteoporosis and general weakness occurred in dogs with biliary fistulae after a few months, although there was no apparent thickening of the chondrocostal junctions (as in rickets). Among others, Looser (1907) and later Wisner & Whipple (1922) confirmed these findings in dogs. Seidel (1910) reported two cases of middle-aged women who had had complete biliary fistulae for some time and who showed marked osteoporosis at autopsy. Buchbinder & Kern (1927) showed that dogs with ligated bile ducts had a low serum calcium concentration, and reported three human cases with jaundice, due to various causes, in whom the serum calcium concentration was low but which returned to normal * Present address: Biochemistry Department, University of Tasmania, Hobart, Tasmania.
with recovery from the jaundice. Beznak (1931) showed that the addition of sodium taurocholate to a diet containing fat and calcium increased calcium absorption from the intestine of dogs, and claimed that bile acids play an important role in calcium metabolism. Greaves & Schmidt (1932) , as a result of their experiments on dogs, claimed that bile enhances calcium absorption only as a result of an effect on the absorption of vitamin D. Taylor, Weld & Sykes (1935) agreed with this conclusion for dogs and could find no antirachitic effect in ox bile by feeding it for 10 weeks to fowls on a rachitogenic diet, nor did it appear to enhance the action of a suboptimum dose of irradiated ergosterol in another group of fowls. However, irradiated ergosterol contains only vitamin D2, which is poorly antirachitic in birds. Klinke (1928) and later Verzar & McDougall (1936) suggested that calcium, fatty acids and bile acids together form a soluble 408 BILE ACIDS AND CALCIUM ABSORPTION diffusible complex in the intestine that could be absorbed readily as such and broken down within the body, liberating free calcium.
It seems certain that bile is concemed in the absorption of vitamin D. Heyman (1937) found that the vitamin disappeared from the serum of dogs when the bile duct was ligated. Work by Schachter, Finkelstein & Kowarski (1964) has shown in rats that tritiated vitamin D3 is absorbed by means of the lymphatics and that sodium taurocholate increases the amount absorbed.
An effect of bile on calcium absorption, independent of any action on vitamin D, was suggested by the work of Lengemann & Dobbins (1958) , who found that an intraperitoneal injection of sodium taurocholate improved the absorption of 45Ca given by mouth to normal rats. The giving of the bile salt by mouth was not as effective as parenterally, and no effect was obtained when the bile salt and calcium were given orally to rats with ligated bile ducts. Ligation of the bile ducts, however, prevented the effect usually produced by the parenteral injection of taurocholate. Vaughan & Filer (1960) , adding bile (from an unstated source) directly to closed ileal and duodenal segments of rat intestine in vivo, were unable to confirm this reported effect of bile on calcium absorption.
While investigating the absorption of 45Ca from the small intestine of rachitic chicks in vivo, Coates & Holdsworth (1961) found that bile from rachitic chicks, which therefore presumably contained negligible amounts of vitamin D3, would markedly increase the immediate absorption ofcalcium.
These conflicting reports suggested that a more thorough investigation of the role of bile in calcium absorption was needed.
MATERIALS AND METHODS
Birds and diet. White Leghorn cockerels (1 day old) were obtained from a local poultry farm and were raised under artificial light on a diet deficient only in vitamin D for 3-4 weeks, as described by Sallis & Holdsworth (1962) . In addition to this rachitogenic diet, selected groups of chicks were given supplements of substances as described below.
Vitamin D3. This was obtained from L. Light and Co. Ltd., Colnbrook, Bucks. To study the effect of vitamin D3 the rachitic chicks were given the vitamin in one of the following ways.
(a) Short-term treatment. Two methods were used: (1) a single dose of 200 i.u. in 0-5ml. of maize oil was given orally, by tube into the crop 16hr. before an experiment;
(2) a single dose of 200 i.u. in 0-25ml. of propylene glycol was injected intramuscularly into a pectoral muscle 16hr. before an experiment (this method was used in some experiments involving chicks with tied bile ducts).
(b) Long-term treatment. In this method 100 i.u. in 0-25 ml. of maize oil was given orally, by tube into the crop, twice a week until the chicks were killed, 24 days from hatching, i.e. there were seven doses in all, the last dose being given on the twenty-second day. This method was used in determining the bone ash and plasma calcium, and for a source of bile from vitamin D3-treated chicks (normal 3-week bile).
Sodium lauryl sulphate. This was L.R.-grade reagent from British Drug Houses Ltd., Poole, Dorset. To study the effect of this substance on rickets, a group of 20 chicks was given the rachitogenic diet with the addition of 0.1% of finely powdered sodium lauryl sulphate for 24 days from hatching. As controls, two other groups of chicks from the same hatching were raised for the same period: one group of 20 chicks on the rachitogenic diet alone, and the other group of 10 chicks on the rachitogenic diet plus 100 i.u. of vitamin D3 twice a week, as described above.
Assessment of rickets. The degree of rickets was assessed by comparing the percentages of ash in dried fat-free tibiae and the plasma calcium concentrations in the test groups of chicks with those of chicks raised on the rachitogenic diet with a supplement of vitamin D3.
Determination of bone ash percentage. This was done as in the preparation oftibiae for the counting of 45Ca (see below) by weighing the fat-free tibiae before and after incineration.
Plama calcium concentration. This was estimated by titration with 1-3mM-EDTA, essentially by the method of Baron & Bell (1957) , but with 1 ml. of N-NaOH in place of the glycine buffer, a modification due to G. B. Storer Bile. (a) Chick bile. The chicks were kept without food for 2hr. from 9.00 a.m. and killed by wringing their necks, and the abdomen was opened through an incision over the gall bladder. While the cystic duct was pinched between thumb and forefinger, the bile was aspirated from the gall bladder into a bottle through an 18-gauge hypodermic needle. The bile was stored at -15°until used.
Chick bile was obtained from the following sources: (i) from 3-4-week-old rachitic chicks (this was designated 'rachitic bile'); (ii) from 3-week-old chicks reared on the rachitogenic diet but with a supplement of 100 i.u. ofvitamin D3 given orally twice a week (this was designated 'normal 3-week bile'); (iii) from 8-week-old chicks reared on a commercial poultry farm (this was designated 'normal 8-week bile').
(b) Ox bile. This was obtained fresh from the Adelaide Metropolitan Abattoirs and kept at -15°until used.
Preparation of conjugated bile acids from ox bile and from bile samples from rachitic and normal chicks. This was done according to the method of Gordon, Kuksis & Beveridge (1963) [45Ca]Calcium phosphate was prepared from 45CaC12 as mainly CaHPO4 by precipitation with Na2HPO4 (A.R. grade; British Drug Houses Ltd.) at pH8. The precipitate was washed twice with 0.01M-Na2HPO4 and then with 95% (v/v) ethanol, and dried for 8hr. at 1100. The specific activity was approx. 0-2,uc/mg. of CaHPO4. This was used to determine the ability of bile and bile acids to increase the solubility and the absorption of calcium presented in an insoluble form.
Methodsofestimating intestinal absorption ofcalcium. Two general methods of giving the isotope with the substances to be tested were used, both in vivo.
(a) Closed-ileal-loop method. The test solutions were given into a closed segment ofthe ileum between the attachments of the yolk sac and the blind ends of the caeca (about 12.5 cm.) by the method described by Sallis & Holdsworth (1962) . Blood samples (0-5ml.) were taken into heparintreated syringes by cardiac puncture at 20 and 60min., and the birds were killed at 60min. and one tibia was removed and cleaned for determination of bone deposition of 45Ca.
In one experiment the absorption of calcium was studied at other portions of the intestine. Closed loops were formed, as described by Sallis & Holdsworth (1962) , inthe duodenum, the jejunum and ileum. These loops were all approx. 10-12cm. long. The junction between the jejunum and ileum was considered to be at the attachment ofthe yolk sac.
The test solutions were given in a total volume of 0-5ml.
per bird, made up by adding the equivalent of 0-3ml. of 0.9% NaCl per bird to the equivalent of0-1 ml. per bird each of calcium solution and of the substance to be tested, all in aqueous solution, with the final pH adjusted to 6-5. The substances tested were included in the following concentrations and amounts per bird:
Bile: rachitic and normal (3-week and 8-week) chick bile, and ox bile, 0-1 ml. of original bile in 0-5ml.
Taurine conjugates of bile acids from rachitic and normal (3-week and 8-week) chick bile: equivalent to 0-1ml. of original bile in 0-5ml.
Koala bile acids: 0-02M (final concn.).
Taurine conjugates of bile acids from ox bile: 0-02M (final concn.).
Hydrolysed bile acids from rachitic chick bile: 0-1 ml. of a saturated solution at room temperature in 0-5 ml. (solubility in water was very slight; see single acids below).
Chenodeoxycholic acid and cholic acid: 0-1 ml. It was noted that, at these concentrations, marked precipitation of (presumably) the calcium salt occurred with taurolithocholic acid, chick hydrolysed bile acids, cholic acid and chenodeoxycholic acid, and some precipitation occurred with the higher concentration of sodium lauryl sulphate. No attempt was made to separate the precipitates; the solutions were shaken before injection so as to include a proportion of the precipitate.
(b) Oral-dosing method. The test solutions for this method 1965 410 were usually given by tube into the crop in a total volume of 1 ml. containing the 2mg. of calcium and the substance to be tested in the following concentrations or amounts:
Bile: rachitic chick bile, 09ml. Sodium lauryl sulphate: 0-003M (final concn.) in aq. 0.9% NaCl.
Blood samples were taken at 20 and 60 min. and the tibia at 60min.
With the above methods, solutions of equivalent volume containing the calcium dose in aq. 0.9% NaCl were used as control (this solution is designated 'saline' below).
(c) Oral-dosing method with calcium phosphate. The 45CaHPO4 prepared as above was triturated in a mortar with aq. 0.5% gum tragacanth solution at pH7 to give a dose of 15mg. (approx. 3,uc of 45Ca) of CaHPO4 in 0-5 ml.
per bird. The suspension was magnetically stirred continuously to maintain an even distribution. Just before administration the 0-5ml. dose of CaHPO4 suspension was drawn up in the administering syringe with 0 5 ml. ofa saline control, bile or bile acid solution at pH7 in the concentrations given below, and the mixture given by polythene tube into the crop. This was immediately followed by05ml. ofdistilled water given with the same syringe and tube.
The test substances and concentrations used in this experiment were:
Rachitic bile: undiluted. Taurochenodeoxycholate: 0-1m in 0.9% NaCl. Taurocholate: 0 1M in 0.9% NaCl. Food and water were allowed throughout the experiment. Blood samples were taken at 20 and 60min. and a tibia at 60min., as in the other experiments.
Determination of 45Ca. (a) In blood plasma. After centrifugation of the heparin-treated blood, 0-250ml. of plasma was treated with 0-250ml. of N-HC104 and centrifuged, and 0-100ml. of the supernatant counted by scintillation counting.
(b) In tibiae. These were extracted with 95% (v/v) ethanol and then diethyl ether in a Soxhlet extractor, each solvent for 24hr., dried in vacuo in a desiccator and weighed. They were then incinerated at 7000 to constant weight, ground to a powder and counted at infinite thickness in a 1 Cm.2 planchet by end-window counting, by using an Ekeo type N620 shielded end-window Geiger-Muller tube and correcting for background radiation.
The specific activity of the 45Ca solutions decreased with time and no attempt was made to administer the same amount of radioactivity in each experiment. Therefore the radioactivities, which are taken to reflect calcium absorption, are only consistent within each experiment and cannot be compared between experiments. (b) In tibiae. The tibiae were broken into a crucible, dissolved in 5ml. of conc. HN03, evaporated to dryness and incinerated at 7000 for 4hr. The residues were then counted at infinite thickness in a 1cm.2 planchet by end-window counting and corrected for background radiation.
Scintillation counting. Samples (Ol00ml.) in 5ml. of Bray's Phosphor (Bray, 1960) were counted for 5min. in an Ekco M664A counter and corrected for background radiation. Solubility of variou8 calcium complexes in butanol-benzene. These were determined as follows: 2ml. of aq. 0.9% NaCl solutions containing 4mg. of calcium (as the chloride)/ml., and with specific activities ofabout 1 ,uc/ml., and containing the various substances used in testing for calcium absorption in the same concentrations and at the same pH, i.e. 6-5, as used in the ileal-loop solutions, were spun for 5min. at 2000g in a bench centrifuge to remove gross precipitates. Then 1 ml. portions of the supernatants were shaken for 15min. with lml. of butan-l-ol-benzene (1:1, v/v) and centrifuged for 15min. at 2000g. Samples (0100ml.) of the organic supernatants were counted in a scintillation counter. Corrections were made for quenching with an internal standard, and for background radiation.
Determination of the 8olubility of calcium as calcium pho8-phate with various bile acid8. A 10mg. sample of 45CaHPO4, prepared as described above, was shaken with 2 ml. of 0.9% NaCl or with 0.9% NaCl made 0-02M with respect to the sodium salts of various bile acids for 1 hr. at 37°. The undissolved calcium phosphate was centrifuged down at 2000g for 15min. and O lml. of the clear supernatant counted by scintillation counting. A standard solution of the calcium phosphate in N-acetic acid was also counted and the solvent effect of the various substances on the calcium in this form was calculated.
RESULTS
Effect of whole bile on calcium ab8orption. Whole bile from rachitic chickens and from normal (3-week and 8-week) chicks each caused an immediate and approximately equal increase in calcium absorption from ileal loops (Table 1) in rachitic chicks; this also occurred when 09ml. of rachitic bile was given orally with calcium, yet did not occur when 09ml. of rachitic bile was given orally 16hr. before the calcium (Table 2) . Bone counts reflected the plasma counts in each case.
Effect of ox bile on calcium ab8orption from ileal loop8. Although there was a difference in the means, suggesting that some enhancing effect of ox bile on calcium absorption had occurred, these differences were not significant (Table 3) . These results are included to show the difficulties in using a physiological substance from a widely different source in an experimental animal.
Effect of whole bile on calcium ab8orption after vitamin D3 treatment. WVhole rachitic bile appeared to enhance the increased absorption of calcium seen 16hr. after an oral dose of vitamin D2, both from ileal loops and by oral administration (Tables  4 and 5 ), although the difference between the means was of doubtful significance (P = 0-1). Bone counts reflected the plasma counts in each case.
Relation between bile Becretion and vitamin D3 effect.
Vitamin D3 given intramuscularly 16hr. before the experiment caused an equal increase in calcium absorption (oral-testing method) Table 4 . Effect of whole rachitic bile on calcium ab8orption after vitamin D3 treatnent The absorption of calcium from ileal loops of chick intestine in vivo was studied as described in I8olation and characterization of chick bile acid8. The bile acids were prepared from 50ml. of rachitic chick bile, from 5ml. of normal (3-week) chick bile and from 5ml. of normal (8-week) chick bile. Thinlayer chromatographic examination of the initial ethanolic extract of bile in the method of Gordon et al. (1963) and of the effluents from the cationexchange column and both effluents from the anion-exchange column showed no apparent difference between normal and rachitic bile acids, and also that the bile acids present in both consisted almost completely of the taurine conjugates of Vol. 97 413 Table 7 . Effect of vitamin D3 orally in the absence of bile (oral-dosing method)
Calcium was given orally and its absorption studied as described in Table 2 . Two groups of rachitic chicks had their bile ducts ligated 48hr. before the experiment. One of these groups was given 200 i.u. of vitamin D3 in maize oil orally 16hr. before the experiment. The other operated group was given the vitamin D3 together with 1 ml. of rachitic chick bile orally 16hr. before the experiment. The absorption of calcium given orally was studied as described in Table 2 . Two groups of rachitic chicks had their bile ducts ligated 48hr. before the experiment. One of these groups was given calcium in saline, and the other group was given calcium mixed with 0-9 ml. of bile. A non-operated group of rachitic chicks was given calcium in saline. * Significantly less than either of the other groups (P = 0-05). Table 9 . Concentration of bile acids in chick bile
The concentrations of dihydroxy and trihydroxy bile acids were determined in whole bile samples from rachitic and vitamin D3-dosed (normal 3-week) chicks and one pooled sample from commercially reared (normal 8-week) chicks by the method of Singer & Fitschen (1961) Table 10 . Effect of the taurine conjugates of bile acids prepared from chick bile on calcium absorption Calcium absorption was studied in ileal loops in vivo as described in up on the chromatograms. Wiggins (1955) showed that chick bile (7-day-old and adult) consisted of the taurine conjugates of chenodeoxycholic acid (80%), cholic acid (13%) and 3x-hydroxy-7-oxocholanic acid (5%).
Concentration of bile acids in chick bile. Table 9 shows that there was no significant difference between the concentrations and ratios of dihydroxy and trihydroxy bile acids in five samples each of rachitic and normal (3-week) bile and in one pooled sample of normal (8-week) bile estimated according to the method of Singer & Fitschen (1961) .
Effect of chick-bile taurine conjugates on calcium absorption. Taurine conjugates from rachitic bile and from normal (8-week) bile in equivalent doses to whole bile caused immediate and approximately equal increases in absorption of calcium by the ileal-loop method (Table 10) . Bone counts reflected the plasma counts in each case.
Site of absorption of calcium. It has been previously found that calcium is absorbed at all levels of the small intestine and that vitamin D3 increases absorption in the three portions tested (Coates & Holdsworth, 1961; Sallis & Holdsworth, 1962) . The results in Table 11 confirm these findings and show also that bile increases absorption at all levels in the small intestine.
Comparison of the effects of various bile acids on calcium absorption. Ileal loops in vivo were used for testing the effect of various bile acids on calcium absorption. The synthesized taurine-conjugated bile acids were used at a final concentration of 0-02M. The hydrolysed chick bile acids gave a mixture that was poorly soluble in water and gave a precipitate on the addition of calcium. This precipitate was dispersed in the liquid by ultrasonic vibration and the suspension used. Table 12 shows the results obtained and clearly indicates that the taurine-conjugated bile acids can account for the effect of bile on calcium absorption. Koala bile, which is largely tauro-3oc-hydroxy-7-oxocholanic acid, is also very effective. The trihydroxy bile Vol. 97 415 Table 12 . Effect of various bile acids on calcium absorption (ileal-loop method)
Calcium absorption was studied in ileal loops in vivo as described in Table 13 . Effect of detergents on calcium absorption from ileal loops
Calcium absorption was studied in ileal loops in vivo as described in acid also increased calcium absorption but apparently to a less extent than the other acids, although this difference was not statistically significant. The hydrolysed chick bile acids slightly depressed calcium absorption below that ofthe saline (control) group. This may have been due to the removal of some of the calcium from solution as an insoluble salt.
Effect of different detergents on calcium absorption.
As it was thought that the effects seen with bile might be due to its detergent action, three differently acting detergents were examined for their effect on calcium absorption by using ileal loops of intestine in vivo. The substances were tested at a final concentration of 0.2% and the results are shown in Table 13 , together with a group that were given the taurine-conjugated bile acids from chick bile. A cationic detergent, alkylbenzyldimethylammonium chloride (Zephiran), and a non-ionic detergent, polyoxyethylene sorbitan mono-oleate (Tween 80), had no significant effect on calcium absorption in the concentration used. Sodium lauryl sulphate had a very marked effect, and under the conditions of this experiment was more effective than chick bile salts. This is shown particularly in the amount of 45Ca found in bone. Effect of sodium lauryl sulphate on rickets. Table  14 shows the results of giving 0.1% sodium lauryl sulphate in the rachitogenic diet to a group of chicks for 24 days. The sodium lauryl sulphate exerted no significant effect on the rickets over the period of time studied, according to the bone ash content and serum calcium; the sodium lauryl sulphate-treated birds still had clinical signs of rickets at the end of the testing period, similar to the control group.
Absorption of sodium lauryl sulphate with and without calcium. By using sodium lauryl [35S]-sulphate, an attempt was made to determine the mode of action of sodium lauryl sulphate on the absorption of calcium from ileal loops by assessing the plasma counts and bone counts of 35S with and without calcium added to the testing solutions. The results are shown in (Table 19) .
DISCUSSION
In previous work with closed ileal loops (Sallis & Holdsworth, 1962) it was shown that the amount of calcium absorbed by the gut was reflected in the radioactive 45Ca found in plasma and in the tibia taken at 60min. Therefore we have used plasma 45Ca and tibia 45Ca as a measure of calcium absorption when investigating the effect of bile on this process. It seems clear from our results that, in the chick, bile plays several important roles in calcium metabolism. We have confirmed that bile is important for the absorption of vitamin D3 from the intestine of chicks (Table 7) , and this may be one physiological role for bile, although the need for this dietary source of the vitamin might be by-passed by the biosynthesis of vitamin D3 in the presence of adequate sunlight. This role of bile is indirect in that it is necessary for the absorption of vitamin D3, which in turn has a marked effect on the absorption of soluble calcium from the gut. It is necessary to emphasize that much of the evidence on the increased absorption of calcium brought about by vitamin D has been obtained with soluble salts of calcium. When the calcium was present as insoluble phosphate no absorption could be measured (Coates & Holdsworth, 1961 (Tables 18 and  19) , and this is a further and direct effect of bile on calcium absorption. Such an effect of bile was suggested by Klinke (1928) , who showed that sodium deoxycholate increased the solubility of calcium carbonate, phosphate and oleate. He postulated that calcium was absorbed as a complex with longchain fatty acids and bile salt. The effect of increasing the amount of calcium available for absorption may be a very important mode of action of bile.
A third important effect of bile has been demonstrated in the present paper and that is that bile can immediately increase the intestinal absorption of soluble calcium in chicks. This action is independent ofthe action ofvitamin D&, as shown by the following considerations:
(a) Rachitic and normal chick bile have approximately equal activities.
(b) Bile acts immediately in increasing calcium absorption (i.e. within 20min.) whereas vitamin D3
has not been shown to act in less than 4hr., even with massive doses (Sallis & Holdsworth, 1962) . (c) Bile from rachitic chicks is immediately effective, yet has no appreciable content of vitamin D3, as shown by its lack of effect when given 16hr. before testing for calcium absorption (Table 2) .
(d) An equal increase in calcium absorption was produced by a parenteral dose of vitamin D3 in chicks with or without tied bile ducts.
(e) No significant difference, qualitative or quantitative, could be detected between the bile acid patterns of rachitic and normal chick bile.
This immediate effect of bile on calcium absorption was exclusively due to its content of bile salts. The taurine conjugates of bile acids isolated from chick bile or single taurine-conjugated bile acids prepared by partial synthesis had marked effects on calcium absorption in the chick. Taurochenodeoxycholate, the main bile salt of chick bile, had an effect on calcium absorption equal to that of chick bile.
If a chick was deprived of both bile and vitamin D3 the absorption of calcium was very small, as shown in Table 8 (particularly the bone-ash data). Administration of bile with the calcium greatly improved the absorption. Vitamin D3-deficient chicks at 4 weeks of age contain approx. 28% of ash in the bone and therefore these chicks have obviously been absorbing significant amounts of calcium. It seems likely that bile has helped to bring about this absorption in rachitic chicks. When the 45Ca was mixed with rachitic bile and given by mouth to rachitic chicks the amount of calcium absorbed was greater than if the 45Ca was in saline (Table 2) . This is surprising since these chicks would presumably have adequate supplies of endogenous bile. However, mixing the 45Ca with bile before giving to the bird may be more effective than depending on mixing in the intestine, particularly since, in birds, the bile enters at the distal end of the duodenum. Russell, Taylor & Chichester (1934) reported that there was a significant increase in the size of gall bladders ofrachitic compared with normal chicks at 71 weeks of age. This was not due to any difference in the lipid content of the diet. Unfortunately, these investigators did not determine whether the total volume ofbile produced was different in the two groups. If rachitic chicks produce more bile than normal chicks it would suggest that this was a compensatory mechanism to improve calcium absorption in the absence of vitamin D]).
It is difficult to extrapolate from the physiological role of bile in the chick to the role of bile in other Vol. 97 419
